Regional cerebral activation during a cognitive task can vary with task demand and task performance. In a functional magnetic resonance imaging study, we examined the effect of manipulating task demand on activation during verbal fluency by using "easy" and "hard" letters. A "clustered" image acquisition sequence allowed overt verbal responses to be made in the absence of scanner noise which facilitated "online" measurement of task performance. Eleven righthanded, healthy male volunteers participated. Twice as many errors were produced with hard as with easy letters (20.8 ؎ 13.6 and 10.1 ؎ 10.7% errors, respectively). For both conditions, the distribution of regional activation was comparable to that reported in studies of covert verbal fluency, but with greater engagement of subcortical areas. The hard condition was associated with greater dorsal anterior cingulate activation than the easy condition. This may reflect the greater demands of the former, particularly in terms of arousal responses with increased task difficulty and the monitoring of potential response errors. 
INTRODUCTION
Interpretation of regional activation in functional neuroimaging studies requires knowledge of the effects of task demand and task performance. This is particularly true of comparisons between patient and control groups as apparent differences in activation may simply reflect poorer task performance in the patient group (Fletcher et al., 1998; Perlstein et al., 2001 ; for reviews: Fu and McGuire, 1999; Price and Friston, 1999) . "On-line" measurements of performance during functional neuroimaging studies have ranged from verbal reports to manual button-press responses. A disadvantage of functional magnetic resonance imaging (fMRI), however, is that typical echo-planar image acquisition sequences generate an acoustic noise of 100 -110 dB which can obscure measurements of performance in the form of overt verbal responses. The purpose of this study was twofold: (1) to examine the effects of task demand and performance by comparing word generation with a letter verbal fluency paradigm in which the stimuli were divided into "easy" and "hard" letters; and (2) to acquire overt verbal responses in the absence of scanner noise in order to facilitate on-line measurement of performance.
Verbal fluency is a classic neuropsychological test of language production which involves subjects generating and articulating a word in response to a cue (Benton and Hamsher, 1994; Lezak, 1995) . Its neural correlates have been examined by numerous functional neuroimaging studies (for review : Indefrey and Levelt, 2000) . However, concerns about movement artifacts during overt articulation and the effects of background scanner noise have often limited fMRI studies to covert (as opposed to overt) responses, which has precluded direct measurement of task performance (Yetkin et al., 1995; Curtis et al., 1998; Friedman et al., 1998; Schlosser et al., 1998; Yurgulen-Todd et al., 1996; Hutchinson et al., 1999; Lurito et al., 2000) . Some researchers have studied overt verbal fluency with fMRI (McCarthy et al., 1993; Yetkin et al., 1995; Phelps et al., 1997; Friedman et al., 1998; Barch et al., 2000; Rosen et al., 2000) , but the continuous acoustic noise generated by conventional acquisition sequences may introduce potentially confounding effects on activation and make it difficult to hear subject responses (Birn et al., 1998) . Moreover, auditory feedback is an essential component of articulatory control (Munhall, 2001) , and background noise has a modulatory effect on overt speech production (Lane and Tranel, 1971) .
In the present study, we sought to circumvent some of these difficulties by using a "clustered" sequence in which a "silent" period is interleaved with the acquisition of brain images (Eden et al., 1999; Hall et al., 1999) . A clustered acquisition sequence capitalizes on the delay of the hemodynamic response peak, which is about 3 to 5 s from stimulus onset for a single event (Glover, 1999) . With this method, single trials of the task could be performed while the scanner was transiently silent, approximating usual speaking conditions (Eden et al., 1999; Hall et al., 1999) . We predicted that overt verbal fluency would be associated with a distributed network of activation similar to that evident in covert verbal fluency studies, namely, the anterior cingulate, left middle and inferior frontal gyri, parietal cortex, and right cerebellum (Yetkin et al., 1995; Friedman et al., 1998; Schlosser et al., 1998; Hutchinson et al., 1999; Lurito et al., 2000) . Furthermore, as activation of the thalamus has only been observed in studies of overt verbal fluency (Rosen et al., 2000) , we also expected engagement of this region.
We also sought to examine the interrelated effects of task demand and performance by dividing the trials into easy and hard letters, which differed in the number of words that subjects could generate from them. We expected that attempting to generate words beginning with hard letters would place greater demands on error monitoring, goal-directed behavior, and response selection than with easy letters. As the anterior cingulate cortex has been implicated in these processes (Posner and Petersen, 1990; Falkenstein et al., 1991; Gehring et al., 1993; Dehaene et al., 1994; Devinsky et al., 1995; Carter et al., 1998; Holroyd et al., 1998; Paus et al., 1993 Paus et al., , 1998 Paus et al., , 2001 Botvinick et al., 1999; Gehring and Knight, 2000; Kiehl et al., 2000; Liddle et al., 2001) , we predicted that verbal fluency with hard letters would be associated with greater engagement of this region than with easy letters.
MATERIALS AND METHODS
All subjects provided informed consent, and ethical approval was provided by the Institute of Psychiatry and Maudsley National Health Services (NHS) Trust.
Pilot Study for Characterization of "Easy" and "Hard" Letters
An "off-line" pilot study was conducted to establish two sets of letters categorized as easy or hard and to determine the optimum stimulus parameters (frequency and duration of letter presentation) for the fMRI paradigm. Twenty healthy, native English speaking volunteers (14 males), age 32.6 Ϯ 8.8 (mean Ϯ standard deviation) years, with no history of psychiatric illness or medical illnesses, including hearing or speech impairments, participated.
Fourteen letters were selected for evaluation: 7 were previously classified as "easy" (S, C, P, T, F, B, A) and 7 as "moderately hard" (R, L, G, E, N, O, I) by Borkowski et al. (1967) . Letters that were classified as "most difficult" (Borkowski et al., 1967) were excluded as they would likely result in a high number of word generation failures, and we wanted to avoid an excessive number of absent responses during the fMRI study. Subjects were instructed to overtly generate a word which began with the letter, presented aurally at a rate of 1 letter every 5 s, but to not use proper names or a grammatical variation of the previous word or to repeat previous responses (Benton and Hamsher, 1978; Lezak, 1995) . If subjects were unable to think of a response they were asked to say "pass." Following each set of a given letter, another set of 1 of the other 14 letters was presented, and order of presentation was reversed for alternate subjects.
Letters were categorized as easy or hard according to the mean number of erroneous responses generated for each letter. Seven letters (B, R, L, S, T, P, C) associated with erroneous responses of 1.9 Ϯ 3.7 words (range 1-8) from a total of 49 trials (6.7 Ϯ 7.6% error rate) were categorized as easy. Seven letters (A, G, F, N, E, O, I) associated with 6.2 Ϯ 6.0 erroneous responses (range 11-28) in 49 trials (18.5 Ϯ 12.0% error rate) were categorized as hard. The proportion of errors associated with the two sets of letters was significantly different (paired t test, P Ͻ 0.001). The mean response times for each letter were also measured, ranging from 1.2 s (for the letter B) to 2.3 s (for the letter I).
fMRI Study
Subjects. A separate group of 11 healthy, native English speaking, right-handed (Annett, 1970) male volunteers, age 30.4 Ϯ 6.2 years, mean verbal IQ 115.3 Ϯ 8.6 (National Adult Reading Test; Nelson, 1992) , participated.
Verbal fluency task. Under the experimental condition, subjects were instructed to overtly generate a word in response to a visually presented letter, with the same exclusion criteria as in the pilot study. Each condition was presented in blocks lasting 28 s, with seven presentations of a given letter per block and an interstimulus interval (ISI) of 4 s. The experimental condition alternated with the control condition, repetition of the word "rest," and five blocks of each condition were performed. An ISI of 4 s was selected based on the pilot study. As the response time for the letters employed ranged from 1.2 to 2.3 s, the "silent" period between the acquisition of clustered image volumes was set at 2.9 s. Coupled with an image volume acquisition of 1.1 s (see below), the resultant ISI was 4 s.
The easy condition was one of two sets of letters: T, L, B, R, S or T, C, B, P, S; and the hard condition was either: O, A, N, E, G or I, F, N, E, G, as this number of stimuli has provided sufficient power to detect regional activation (Curtis et al., 1998) . Subjects were presented with one set of easy and hard letters in separate blocked runs (five blocks for each experimental condi-tion) with the order of presentation randomized between subjects. Verbal responses were recorded via a MRI-compatible microphone on Cool Edit 2000 (Syntrillium Software Corp.). Incorrect responses were defined as words that were proper names, repetitions, or grammatical variations of the previous word and "pass" responses (Benton and Hamsher, 1978; Lezak, 1995) .
Image acquisition. Seventy-four T2*-weighted volume images were acquired for each condition on a 1.5-T GE Signa System retrofitted with echo planar imaging capability (General Electric, Milwaukee, WI) at the Maudsley Hospital, South London NHS Trust, UK. Twelve noncontiguous axial planes (7-mm thickness, slice skip 1 mm) parallel to the anterior commissureposterior commissure (AC-PC) line were collected over 1100 ms in a clustered acquisition (TE 40 ms, 70°flip angle). With a TR of 4000 ms, there remained a relative silent period of 2900 ms for each stimulus. During this period, a letter was presented (height 7 cm and subtending a 0.4°field of view) immediately after each acquisition within a rectangular outline for 750 ms, after which the outline remained, and a single overt verbal response could be made.
Head movement was minimized by a forehead strap, and subjects wore noise insulated ear protectors. In order to ensure that subjects heard their responses clearly and to more closely mimic usual speaking conditions, their speech was amplified by a computer sound card and then relayed to the subject through an acoustic MRI sound system (Ward Ray, Hampton Court, UK) and pneumatic tubes within the ear protectors at a volume of 91 Ϯ 2 dB.
fMRI data analysis. The initial volume images of each time series, acquired while the MR signal was reaching steady-state (four images) and responsible for triggering the software program (fifth image), were discarded. The brain parenchyma was located as the largest three-dimensional (3D) object from candidate objects created with an automated gray-level thresholding. Subsequent processing was performed only on this region. Prior to time-series analysis, correction of head motion was performed by mapping each 3D acquisition onto the mean image of the entire series. A rigid-body assumption was made, and the optimum translations and rotations were found by minimizing the squared voxelwise image difference using the Fletcher-Davison-Powell algorithm (Press et al., 1992) . Any differences between images of global mean gray-level were removed and a Gaussian smoothing kernel of standard deviation 1 voxel was applied. The amplitude of response to each event was then estimated by least-squares regression of a linear model, a convolution of the experimental design with two Poisson kernels ( ϭ 2 and 4 s). A component of the model was specified for each condition (easy or hard) of the task. Significance testing was done against a distribution derived under the null hypothesis of no experimental effect and generated by repeated permutation of the data after orthogonal transformation into the wavelet domain. Median observed and permuted responses were obtained after affine mapping of individual responses into standard stereotactic space (Talairach and Tournoux, 1988) . Activation maps were created with thresholds set such that the estimated number of type I error voxels was 10 voxels per image volume, equivalent to P Ͻ 0.0001 uncorrected (Brammer et al., 1997; Bullmore et al., 1999 Bullmore et al., , 2001 .
As the data were acquired in a blocked design for each condition, the easy and hard conditions were contrasted using a categorical comparison. Differences between responses to easy and hard conditions (F) were inferred at each voxel by regression of the general linear model: F ϭ ␣ 0 ϩ ␣ 1 H ϩ ␣ 2 X ϩ e, where the independent variable H dummy codes for the condition; X is a covariate for the number of erroneous responses produced; and e is the residual error. Maps of the standardized coefficient of task difficulty which is a measure of task demand, ␣* 0 , were tested for significance against a two-tailed distribution generated by repeated randomization of H and representing the null hypothesis of no difference between groups. To improve sensitivity, spatial information was introduced by thresholding the maps of ␣* 0 such that only voxels passing a voxelwise P value of P Ͻ 0.05 were retained and contiguous suprathreshold voxels aggregated into three-dimensional clusters. The sum of ␣* 0 for each cluster, the spatial extent statistic, was then tested for significance against the identically derived randomization distribution (Bullmore et al., 1999) .
RESULTS

Behavioral Data
Subjects produced 3.6 Ϯ 3.8 erroneous responses in a total of 35 trials (10.1 Ϯ 10.7%) when generating words from the easy letters but significantly more errors, 7.3 Ϯ 4.8 words (20.8 Ϯ 13.6%), with the hard letters (paired t test, P Ͻ 0.03).
fMRI Data
Activation during verbal fluency for each condition. As expected, both versions of the verbal fluency task engaged a distributed set of regions including the anterior cingulate, left inferior frontal, middle frontal and parietal cortices, and right cerebellum (Tables 1 and 2 ; Fig. 1 ). Additional areas of activation were observed in the head of the caudate and putamen for both the easy and the hard conditions, but thalamic activation was only evident with the hard letters. (Tables 1 and 2; Fig. 1) .
Differences in activation between easy and hard conditions. Comparison of the two conditions, covarying for the number of erroneous responses, revealed greater activation with the hard condition in the left anterior cingulate (Brodmann's area (BA) 32; Talairach coordinates: x ϭ Ϫ 8, y ϭ 22, z ϭ 39; cluster size: 128 voxels), which extended from a Talairach z coordinate of 28 mm superior to a plane parallel to the AC-PC line (Table 3 ; Fig. 2 ). With the easy condition, greater activation was evident in the right cerebellum, right inferior occipital gyrus, and lingual gyri bilaterally (Table 3 ; Fig. 2) . Comparison of the easy and hard conditions without covariation for erroneous responses revealed an additional region of activation with the easy condition in the precuneus (BA 7; Talairach coordinates: x ϭ Ϫ 18, y ϭ Ϫ 65, z ϭ 32; cluster size: 12 voxels).
DISCUSSION
Comparison with Covert Verbal Fluency Studies
Overt letter verbal fluency was associated with extensive activation in a distributed set of brain regions.
Although many of these activations have been reported in previous fMRI studies of covert word generation, each study appears to have detected different subsets of this network, rather than the network as a whole (Yetkin et al., 1995; Yurgulen-Todd et al., 1996; Curtis et al., 1998; Friedman et al., 1998; Schlosser et al., 1998; Hutchinson et al., 1999; Lurito et al., 2000) . The most commonly reported site of activation has been the left inferior frontal cortex (Yetkin et al., 1995; Curtis et al., 1998; Friedman et al., 1998; Schlosser et al., 1998; Hutchinson et al., 1999; Lurito et al., 2000) , with other frequently identified areas being the middle frontal 
Note. R, right hemisphere; L, left hemisphere. Note. R, right hemisphere; L, left hemisphere. (Yetkin et al., 1995; Yurgulen-Todd et al., 1996; Curtis et al., 1998; Schlosser et al., 1998; Hutchinson et al., 1999) , anterior cingulate (Yetkin et al., 1995; Lurito et al., 2000) , insular (Curtis et al., 1998; Lurito et al., 2000) , precentral (Yetkin et al., 1995; Curtis et al., 1998) , superior temporal (Yetkin et al., 1995; Yurgulen-Todd et al., 1996; Friedman et al., 1998; Lurito et al., 2000) , and parietal cortices (Curtis et al., 1998; Schlosser et al., 1998; Hutchinson et al., 1999; Lurito et al., 2000) . These cerebral cortical activations have tended to be more prominent in the left than the right hemisphere, while the cerebellar cortex has mainly been recruited on the right (Schlosser et al., 1998; Hutchinson et al., 1999; Lurito et al., 2000) . We also found significant activation in the head of the caudate, putamen, and thalamus. Most studies of covert letter verbal fluency, including a study from the same center (Curtis et al., 1998) , have not identified activation in subcortical regions (Curtis et al., 1998; Schlosser et al., 1998; Hutchinson et al., 1999; Lurito et al., 2000; Ojemann et al., 1998) , although there have been some exceptions (Yetkin et al., 1995; Lurito et al., 2000) . The thalamus and basal ganglia play a significant role in language processing (Ojemann, 1975; Johnson and Ojemann, 2000) . Reduced caudate volume has been reported in a family with a genetic disorder manifested by a severe speech impairment that has been attributed to an articulation defect such that the speech of affected members is essentially unintelligible (Watkins et al., 1999) . Damage to the caudate and putamen has been associated with deficits in speech production (Fabbro et al., 1996; Pickett et al., 1998; Speedie et al., 1993) , which may be a consequence of a primary impairment in motor sequencing (Pickett et al., 1998) . Furthermore, neuroimaging studies have found that articulatory demands were associated with increased activation of the putamen (Klein et al., 1994) , caudate, and thalamus (Murphy et al., 1997) . Recruitment of the thalamus and basal ganglia in our study may be related to factors of articulation and motor sequencing, as well as language processing (Klein et al., 1994; Tallal et al., 1994; Murphy et al., 1997; Pickett et al., 1998; Watkins et al., 1999; Johnson and Ojemann, 2000) . However, greater activity of the thalamus (Barch et al., 1999; Rosen et al., 2000) and putamen (Rosen et al., 2000) has also been observed in fMRI studies in which overtly articulated responses were compared to covert responses within the same subjects. Although this suggests some intriguing implications, we did not directly compare overt with covert responses in our study, and this finding requires further investigation.
Methodological Issues
The few previous fMRI studies that have examined overt verbal fluency did so using a continuous acquisition sequence, so that the task was performed in the context of background acoustic scanner noise (McCarthy et al., 1993; Yetkin et al., 1995; Phelps et al., 1997; Friedman et al., 1998; Barch et al., 2000; Rosen et al., 2000) . Covert articulation during verbal fluency is associated with significant head movement (Bullmore et al., 1999) . Movement during overt articulation is greater still, and there may be additional susceptibility artifacts secondary to movements of air in the pharynx during phonation (Birn et al., 1998) . The effect of such artifacts on fMRI data is illustrated by Friedman et al. (1998) , who reported that movement artifacts in their overt word generation task were so marked that it was not possible to analyze the images. Phelps et al. (1997) discarded data from 5 of their 11 subjects for similar reasons. Comparing overt and covert word generation in the same subjects, Yetkin et al. (1995) reported that activations were found in similar regions, but that the overt task was associated with activation of fewer voxels, which they attributed to artifactual effects of speaking aloud (Yetkin et al., 1995) . In the present study, the absence of movement artifacts meant that there was no need to discard imaging data, and we found robust regional activation in a network of areas at least as extensive as reported in previous covert studies. Using a compressed acquisition sequence, which ensured that articulation occurred in silent periods between image acquisitions, may thus have reduced motion-related artifacts and improved the quality of the data. Furthermore, hearing one's own speech provides an integral auditory feedback that is necessary for articulatory control (Munhall, 2001) . Subjects automatically alter their speech volume in the presence of background noise (Lane and Tranel, 1971) . In this study, subjects could hear themselves as they were speaking in the absence of background scanner noise which provides a better emulation of the usual conditions of speaking aloud. Note. Talairach coordinates for the centroid of each three-dimensional region of activation are presented. Cluster size is the volume for each region.
A possible limitation, however, of the clustered acquisition method was the temporal separation between the onset of word generation (stimulus presentation) and the onset of image acquisition which may be associated with some signal loss of the BOLD response. The temporal separation was 2.9 s in our study. As the images were acquired over 1.1 s, the fMRI data reflected brain activity from 2.9 to 4.0 s, in different slices, and the estimated peak of the hemodynamic response is approximately 3 to 5 s for a single event (Glover, 1999) . However, within the blocked design, it was expected that cerebral regions responding to the stimulus would temporally integrate the hemodynamic events and, thus, there would be a steady-state of the BOLD response throughout the epoch (Glover, 1999; Bandettini and Cox, 2000) .
Effects of Task Demand
The finding of greater activation of the dorsal anterior cingulate cortex with the hard verbal fluency condition relative to its easy counterpart was in accordance with our hypothesis. We would like to emphasize that this region of the anterior cingulate cortex was elicited by both conditions, but to a greater degree by the hard condition. In this experiment, subjects were required to overtly articulate a different word for each visual presentation of the letter cue. The process of word generation from a specified letter involves a number of steps, beginning with an enigmatic internal generation, followed by lexical selection and phonological retrieval, then monitoring and detection of potential errors, and finally overt articulation (Indefrey and Levelt, 2000) . An erroneous response would have included a proper name, a grammatical variation of a previously produced word, a word beginning with the same phonemic sound (for example, "phone" for the letter f), recognition of these internal errors with overt articulation of a pass response, or an inability to generate any response. Although all of these responses are considered errors, they are not necessarily analogous in FIG. 1. Individual conditions: verbal fluency with "easy" and "hard" letters. Regional cerebral activations associated with word generation with easy letters (top) and hard letters (bottom) relative to the baseline condition of word repetition at a spatial extent statistic threshold of P Ͻ 0.05. Two-dimensional representative slices are presented for the group data with activations displayed on a template image. Numbers indicate the z coordinate in standard Talairach coordinates.
FIG. 2.
Comparison of "easy" and "hard" conditions with covariance for erroneous responses at a spatial extent statistic threshold of P Ͻ 0.05. Regions in which easy letters elicited greater activations than hard letters are colored red. The hard letters elicited greater activations than easy letters in the anterior cingulate (Broadmann's area 32), colored yellow. Talairach coordinates are presented in Table 3 . Two-dimensional representative slices are presented for the group data with activations displayed on a template image. Numbers indicate the z coordinate in standard Talairach coordinates. their underlying neuropsychological processes. The anterior cingulate cortex has been recruited by tasks that engage selective attention, response selection, monitoring of conflicting responses, error detection, and initiation of action, as well as during states of high arousal and stress (Posner and Petersen, 1990; Falkenstein et al., 1991; Gehring et al., 1993; Dehaene et al., 1994; Devinsky et al., 1995; Paus et al., 1993 Paus et al., , 1998 Paus et al., , 2001 Carter et al., 1998; Holroyd et al., 1998; Botvinick et al., 1999; Barch et al., 2000; Gehring and Knight, 2000; Kiehl et al., 2000; Liddle et al., 2001) . In the present study, we covaried for an effect of overt errors. Nonetheless, it was more difficult to generate an appropriate word with the hard letters. In fact, from a review of over 100 studies citing the anterior cingulate cortex, level of task difficulty has been implicated as the most important factor in eliciting activity in the dorsal anterior cingulate cortex (Paus et al., 1998) . Paus (2001) suggests that this is related to the greater engagement of arousal and stress responses by highly demanding tasks and posits a role for the thalamus and mesocortical dopamine system in modulating its neural activity.
The relative demands of the two conditions on additional purported functions of the anterior cingulate cortex are more debatable. When presented with easy letters, subjects would have access to several potential correct responses from which they must select one. One might argue that this may induce a degree of response conflict and place a demand on response selection. However, these factors seem relatively weak as the subject is not required to articulate the most appropriate word for a given letter, but merely any of the possible words for that letter. Thus, the subject has a large range of words from which to choose, and the selection is arbitrary. In contrast, when subjects are struggling to find a word for a given letter, they are more likely to retrieve inappropriate responses, which would increase the likelihood of response conflict and the demands on response selection prior to overt articulation. The greater engagement of the anterior cingulate during hard verbal fluency may thus also reflect the greater involvement of these processes, relative to easy letter fluency. Discernment of the individual stages of the preceding internal processes was not possible, however, within the blocked design, and the relative importance of these factors can only be resolved through further experiments.
An unexpected finding was increased activity in the lingual gyri with the easy condition.
An ongoing debate among researchers of visual imagery is the extent to which visual perception and mental visual imagery share common pathways, in particular whether visual imagery activates the primary visual cortex along the calcarine sulcus. A number of studies have reported increased activity in the primary visual cortex during visual imagery tasks (Le Bihan et al., 1993; Menon et al., 1993; Kossyln et al., 1993 Kossyln et al., , 1999 Kossyln et al., , 2000 Chen et al., 1998) , although this finding has not been consistently replicated (Charlot et al., 1992; Roland and Gulyas, 1994; Fletcher et al., 1998; D'Esposito et al., 1997; Mellet et al., 1998 Mellet et al., , 2000 . Thompson and Kosslyn (2000) suggest that the primary visual cortex is most consistently elicited by imagery of high-resolution details. Activation of the early visual regions in our study may be understood as subjects' utilizing a strategy of visual imagery to generate an appropriate response. As well, less relative activity in the primary visual cortex has been observed with more difficult imagery tasks (Kosslyn et al., 1996; Klein et al., 2000) , which is consistent with our finding of greater lingual activity with the easy compared to the hard condition.
Summary
In fMRI studies, a clustered acquisition sequence facilitates on-line measurement of overt verbal responses by allowing articulation to occur during brief periods of silence, reducing associated motion and susceptibility artifacts. It also allows subjects to hear their own speech clearly and thus perform the task under something more akin to usual psychophysical conditions. As well as demonstrating extensive cortical activation, this approach may reveal greater subcortical activation than with covert designs. Comparison of hard and easy letter verbal fluency conditions using these methods suggests that increased task demand is associated with greater engagement of the anterior cingulate cortex.
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